In patients with liver tumors, it is crucial to detect and stage the tumors at an early stage (to select patients who will benefit from curative liver resection, and avoid unnecessary surgery). Therefore, an optimal preoperative evaluation of the liver is necessary, and a contrast-enhanced MRI is widely considered the state-of-the-art method \[[@R1]\]. Liver MRI without contrast administration is appropriate for cholelithiasis but not sufficient for most liver tumor diagnoses.

In this review, a technical overview is followed by a presentation of the most common focal liver lesions.

METHODS
=======

Non Contrast-Enhanced MRI
-------------------------

### T1 and T2 Weighted Sequences

The non enhanced T1 and T2 weighted sequences are decisive in the characterization of focal liver diseases in cirrhotic as well as non cirrhotic liver. High signal intensity, SI, on T1 can be caused by bleeding, fat or deposition of copper or glycogen and can be seen in dysplastic nodules and hepatocellular carcinoma, HCC \[[@R2]\]. Most benign tumors are bright on T2w imaging, whereas malignant are slightly hyperintense (see below). On out--of--phase (opposed-phase) T1 imaging, abnormal fat accumulation in the liver will be hypointense, and is more accurate than ultrasound and CT to diagnose steatosis, focal fatty infiltration (Fig. **[1](#F1){ref-type="fig"}**) and focal fatty sparing of the liver. It is also valuable in diagnosis of iron storage diseases - the iron containing liver parenchyma is hypointense on in-phase and isointense on out-of-phase \[[@R3]\].

### Diffusion Weighted Imaging, DWI

Diffusion weighted echo-planar imaging, DWI, has been shown to be a reliable method to detect liver metastases (Fig. **[2](#F2){ref-type="fig"}**), with a sensitivity and specificity better than multidetector CT, 87% and 97% for DWI compared with 53% and 78% for CT \[[@R4]\]. In a review by Bruegel and Rummeny \[[@R1]\] it was concluded that DWI is more sensitive than T2-weighted MRI and at least as accurate as superparamagnetic iron oxide (SPIO) or gadolinium-enhanced MR imaging for the detection of hepatic metastases \[[@R1]\]. It has also been claimed that apparent diffusion coefficient (ADC) measurement has the potential to discriminate benign and malignant focal hepatic lesions \[[@R5]\]. However, this has been questioned \[[@R6],[@R7]\]. A problem is that the reproducibility of ADC measurements is limited when using different imaging techniques (choice of different b-values and other acquisition parameters) and differences in scanner technology \[[@R1]\]. Among other limitations, it has to be pointed out that cystic or necrotic metastases, which show relatively high ADC values, may be false negative. Atypical hemangiomas with uncommonly low ADC values may be false positive. In addition, small lesions are difficult to distinguish due to partial volume effects and suboptimal region of interest (ROI) measurements, which may adulterate the ADC values \[[@R1]\]. In a larger study by Miller *et al.*, it was shown that cysts have significantly higher values compared to hemangiomas which has significantly higher ADC than solid lesions - however, the solid lesions could not be distinguished from one another, using the ADC values \[[@R7]\].

To conclude, DWI is an excellent diagnostic tool for the detection of even sub-centimeter liver lesions, and when further characterization is needed, a complementary contrast-enhanced imaging study should be performed. This is probably the most efficient preoperative evaluation \[[@R1]\]. DWI is also of value to identify lymph nodes and other extrahepatic lesions \[[@R7]\].

Contrast-Enhanced MRI
---------------------

### Non Liver Specific, Gadolinium Enhanced MRI

There are several gadolinium, Gd, based extracellular contrast agents, without liver specific enhancement, and they have been extensively used for dynamic MRI (including native, late arterial, portal venous and equilibrium phases). Solid and vascularized lesions enhance whereas cystic and necrotic does not. "Hypervascularized" lesions enhances intensely and early, in contrast to "hypovascularized" tumors enhancing less and later (see below).

Liver Specific Contrast Enhancement
-----------------------------------

### Hepatobiliary MRI

#### Hepatobiliary Gadolinium Enhanced MRI

Hepatobiliary contrast agents can be used to detect metastases (Fig. **[2](#F2){ref-type="fig"}**), characterize liver lesions (with or without hepatocyte function/uptake) and to evaluate biliary excretion. There are two different hepatobiliary paramagnetic gadolinium chelates, gadobenate dimeglumine (Gd-BOPTA; MultiHance^®^, Bracco Imaging, Milan, Italy) and gadoxetic acid (Gd-EOB; Primovist^®^, Bayer Schering Pharma AG, Berlin, Germany). Gd-BOPTA has higher relaxivity values and SI changes than the non liver specific Gd-based contrast agents but similar safety profile \[[@R8],[@R9]\]. Gd-EOB has a rapid and abundant biliary excretion (50%, in comparison to 5% for Gd-BOPTA) \[[@R10]\], and is, therefore, readily used for functional studies \[[@R11],[@R12]\]. In contrast, the vascular enhancement with Gd-EOB is less pronounced and has a short duration \[[@R13]-[@R15]\]. The low dynamic enhancement of Gd-EOB may be increased with a slower injection rate \[[@R16]\]. The hepatobiliary phase is usually sufficient at 20 min after Gd-EOB and 1-2 hours after Gd-BOPTA administration. Thus, the two hepatobiliary contrast agents have different profiles. At our department, we use Gd-BOPTA when the dynamic enhancement in different phases is more important than the hepatobiliary function, and vice versa, we use Gd-EOB when the hepatobiliary function is more crucial than the dynamic Gd-MRI.

T2-weighted magnetic resonance cholangiopancreatography (MRCP) sequences should not be obtained after administration of Gd-EOB-DTPA, because the rapid biliary excretion of this contrast agent decreases SI of the biliary structures on T2 \[[@R17]\]. However, some obtain MRCP both before and after Gd-EOB, and if the high SI decreases or if the high SI disappears, it is interpreted as evidence that bile secretion works. DWI may be performed after Gd-EOB without compromising contrast to noise ratio and ADC of focal hepatic lesions \[[@R18]\].

#### Future: Response After Treatment

Dynamic contrast-enhanced MRI, DCE-MRI, has been analyzed to determine the effect of drugs on tumor angiogenesis and vascular disruption. Although early results show that this is beneficial, its practical application is far from straightforward. A review of the literature \[[@R20]\] has pointed out that these acquisition and analyses are immensely complex. Furthermore, it was concluded that, before DCE-MRI can serve as a new surrogate endpoint, further research and validation to clinical outcome are needed.

Experience in diffusion-weighted MRI in monitoring treatment response has shown promising results \[[@R21],[@R22]\]. Recommendations on standardization of the application have recently been published \[[@R23]\] and further studies are needed.

Benign Tumors
-------------

The most common benign tumors have typical imaging features. Knowledge of these findings and the clinical history are essential in correctly diagnosing focal liver lesions. However, it is important to know that common liver tumors may manifest with atypical findings, posing a diagnostic dilemma when they do \[[@R24]\].

### Cysts

Congenital biliary cysts are common with incidence up to 14%. A typical hepatic cyst is unilocular with a nearly imperceptible wall and a homogeneous content with a remarkably low SI on T1 and extremely high SI on T2 weighted images (white as liquor in the spine and bile in the gallbladder) which increases on heavily T2 weighted images. Cysts do not enhance after contrast injection \[[@R25]\]. The diagnostic accuracy for MRI is 97% compared to 67% for CT \[[@R26]\] and is even more confident using DWI \[[@R7]\] (Fig. **[2](#F2){ref-type="fig"}**).

### Hemangioma

Cavernous hemangioma is the most common hepatic tumor, incidence 20%. A typical hemangioma is well delineated and hypointense as blood on T1w images and clearly hyperintense on T2w images (Fig. **[3](#F3){ref-type="fig"}**). The contrast enhancement is peripheral and nodular in early phases, followed by progressive centripetal filling in late and delayed phases. The SI is similar to blood. Small hemangiomas, \<2 cm, may have homogeneous enhancement in late arterial phase and resemble hepatocellular carcinoma and hypervascular metastasis. However, hemangiomas follow SI of blood \[[@R25]\]. Hemangiomas has an ADC significantly higher than solid liver lesions and lower than cysts \[[@R7]\].

### Focal Nodular Hyperplasia, FNH

Focal nodular hyperplasia, FNH, is a response to a vascular anomaly with incidence up to 8%. FNH is asymptomatic and an incidental finding in up to 90%, more commonly seen in young to middle aged women and is solitary in 80%. Oral contraceptives have been suggested to stimulate growth, however, in a study the size and the number of FNH lesions were not influenced by oral contraceptive use \[[@R27]\].

A typical FNH is hyperintense in the arterial phase, and isointense before contrast and in the venous phase. Thin radiating septa divide the tumor, but there is no capsule. A majority of FNH (89%) is before contrast hyper- to isointense on T2 and iso- to hypointense on T1. After gadolinium administration, 98% of FNH show a rapid and intense enhancement during the arterial phase, followed by a hyper- to isointensity in portal venous and equilibrium phases (Fig. **[4](#F4){ref-type="fig"}**). Accurate discrimination of FNH from hepatic adenoma is not possible on this imaging alone. However, if using hepatobiliary contrast enhancement an accurate differentiation is achievable on delayed T1, 1-3 hours after gadobenate dimeglumine enhancement: FNH appear hyper-isointense (97%), whereas adenomas are hypointense (100%) \[[@R28]\] (Fig. **[5](#F5){ref-type="fig"}**).

Half of FNH has a central scar, slightly hyperintense on T2 and with late Gd-contrast enhancement (Fig. **[4](#F4){ref-type="fig"}**, in contrast to fibrolamellar HCC with hypointense scar without contrast enhancement). A critical note is that, on Gd-EOB enhanced imaging, the central scar of focal nodular hyperplasia lesions does not typically demonstrate delayed enhancement \[[@R29]\]. Still, FNH is better characterized with Gd-EOB than with CT \[[@R30]\].

On DWI, the ADC values of FNH and adenomas are similar to metastases and HCC limiting the value for differentiating solid liver masses \[[@R7]\].

Atypical FNH - lacking central scar and being hyperintense on both T2w and T1w images (both natively and in delayed phases) and isointense in the hepatobiliary phase - need complementary studies, biopsy and/or follow up for correct diagnosis.

### Hepatocellular Adenoma, HCA

Hepatocellular adenoma, HCA, is in the West a rare tumor of women on oral contraceptive (85-98%) or men on anabolic steroids. Risk of hemorrhage increases in adenomas larger than 4-5 cm and during pregnancy. However, evidence of minimal intratumoral bleeding is often present. Some adenomas are steatotic, and may be multifocal (60%) and even coexisting with FNH. HCAs are considered premalignant but rarely develops into HCC unless larger than 10 cm (10% risk). Those with male hormone administration, familial polyposis and mutated b--catenin has enhanced risk \[[@R33]\].

A typical adenoma has heterogeneous SI on both T1 and T2 weighted sequences due to hemorrhage, necrosis and/or steatosis. The enhancement is after Gd-contrast heterogeneous in the arterial phase and hypointense in the hepatobiliary phase \[[@R28]\] (Fig. **[5](#F5){ref-type="fig"}**).

DWI can't be used reliably to differentiate adenoma from FNH or HCC \[[@R6],[@R7]\].

### Nodules in Cirrhotic Liver

It is considered that regenerative nodules, RN, can stepwise develop into hepatocellular carcinoma, HCC, via low-grade dysplastic nodules (DN), high-grade DN and well-differentiated HCC. In this development, from benign to malignant, the portal venous supply diminishes and the arterial supply increases. Regenerative nodules are hypointense on T1 and T2 weighted images. Dysplastic nodules (and ⅓ of HCC) are hyperintense on T1 weighted images \[[@R32]\].

A focal lesion that is hyperintense on T1w/T2w imaging is a potential HCC and must be further characterized \[[@R33]\]. In a cirrhotic liver, small lesions (≤2 cm) with arterial enhancing on T1 without hyperintensity on T2 were found to be benign in a study on explanted liver \[[@R34]\]. Arterial enhancement, venous wash out and/or decreased hepatocyte function speak in favor of HCC (see chapter below). On DWI, 79% of DN are iso- or hypointense whereas 97% of HCCs are hyperintense \[[@R35]\].

Lobar or segmental atrophy and confluent fibrosis are hypointense on T1 and hyperintense on T2 weighted imaging. After Gd, the enhancement is delayed and may finally be hyperintense to the liver parenchyma.

Malignant Tumors
----------------

### Hepatocellular Carcinoma, HCC

#### Background

Hepatocellular carcinoma (HCC) is a common primary tumor in the world and the third most common cause of cancer related death, after lung and stomach cancer. Identification of HCC at an early stage is crucial for prompt surgical resection or transplantation \[[@R36]\]. Therefore, risk groups with cirrhosis (chronic viral hepatitis B/C, alcoholism and/or non-alcoholic steatohepatitis) are in surveillance programs, and the recommendation is still surveillance with ultrasound. However, the chance to find small HCC is dismal. In a recent surveillance study, the sensitivity of contrast-enhanced ultrasound, CT and MRI for small HCC, 1-2cm, was 26%, 44% and 44% respectively \[[@R37]\]. The recommendations and algorithms for detected lesions have changed during the last decade \[[@R38]-[@R40]\]. According to the practice guidelines issued by the American Association for the Study of the Liver Diseases (AASLD) in 2010, the diagnosis of HCC must rest on radiology and histology. Thus, a mass in a cirrhotic liver with an elevation of AFP is no longer automatically indicating HCC as it can also be due to cholangiocarcinoma or metastasis from colorectal cancer \[[@R40]\]. According to the homepage of the European Association for the Study of the Liver (EASL) they will also meet with new recommendations.

#### Standard Diagnosis

The standard of care for the radiological diagnosis of HCC in cirrhosis is dynamic contrast imaging exhibiting typical arterial enhancement and venous/late washout \[[@R41]\] (Fig. **[6](#F6){ref-type="fig"}**). According to the new AASLD recommendations, for lesions ≥1 cm, characteristic findings with arterial hypervascularity and venous washout, in one proper examination, including a dynamic multidetector CT or an MRI, with 4 phases (unenhanced, arterial, venous and delayed), is diagnostic for HCC without biopsy. This apply to lesions in cirrhotic liver and to patients with chronic hepatitis B but not to nodules in otherwise normal liver. However, it is essential to point out that HCC cannot be ruled out by the absence of arterial hypervascularization or absence of delayed washout. The false-negative tumors should be diagnosed on follow-up imaging before the lesion reaches a size where the chance of cure is diminished \[[@R40]\].

The accuracy of imaging diagnosis of HCC in liver cirrhosis depends largely on the degree of arterial hypervascularization, which increases with tumor size and grade of malignancy \[[@R42]\]. Large HCC, \>2 cm, show typical hypervascularity in the arterial phase and washout in the portal venous and/or equilibrium phase. The lesion based sensitivity of MRI, in patients with cirrhosis who received liver transplants, was 72% overall sizes, compared to 65% with CT and 46% with ultrasound \[[@R43]\]. For small tumors, 1-2 cm, the sensitivity for MRI is low, only 44--47%, which is equivalent to CT (40--44%) but higher than contrast-enhanced ultrasound, 21--26% \[[@R37],[@R43]\]. Low grade HCC, 1-2 cm, showed typical enhancing features in only two of 16 whereas high grade in 17 of 31 HCC \[[@R37]\]. There are more recent studies indicating that MRI with gadolinium has the highest sensitivity and specificity for small HCC \[[@R44]-[@R49]\].

The correlation of HCC size and sensitivity was readily shown in a Gd BOPTA study correlated to explanted livers and HCC. Overall there was an excellent sensitivity and specificity of 87% and 79% respectively and a positive predictive value of 65-66% in the detection of HCC. However, the size was crucial for the sensitivity: \>2 cm 100%, 1-2 cm 83-89%, ≥1 cm 91-94%, \<1 cm 29-43%. False positive lesions measuring 1-2 cm were dysplastic nodules (85-100%), and \<1 cm were nonneoplastic arterial hypervascular lesions (80-86%). The delayed phase imaging had limited diagnostic value due to poor hepatocyte function and enhancement in this group of late cirrhosis \[[@R50]\].

Large HCC are heterogeneous and regularly invades the portal vein, and this is a significant prognostic factor (regulating recurrence and survival in HCC patients, treated with resection or orthotopic liver transplantation) \[[@R55]\].

#### Alternate Approaches

In a cirrhotic liver, a solid lesion hyperintense on T2 is suspected for HCC \[[@R32]\]. A hypointense lesion on dynamic Gd-MRI on T1 but slightly hyperintense on T2, has been regarded as HCC in some studies \[[@R52],[@R53]\]. However, HCC is a chameleon and can in a cirrhotic liver mimic hemangioma, adenoma, FNH and hypervascular metastases, and can even be isointense in the arterial phase and lack wash out in venous phases.

A main challenge now is to better characterize hypervascular nodules \<2 cm, which often have nonspecific imaging characteristics \[[@R54]\]. One option to help differ HCC from arterial-enhancing pseudolesion may be hepatobiliary MRI. In a recent study, in the hepatobiliary phase, 95% of HCC were hypointense on T1, whereas 94% of the pseudolesions were isointense. The sensitivity was 91--94% compared with 54% with CT \[[@R55]\]. A solid lesion lacking hepatobiliary uptake has been claimed to be an additional criterion for HCC, especially in contrast to regenerative nodules \[[@R56]\]. In another study on HCC ≤2 cm, it was shown that by adding DWI to conventional dynamic Gd-MRI, the sensitivity was significantly increased from 85% to 98% \[[@R57]\].

On DWI, a typical HCC is hyperintense on images with high b-values and is dark (restricted diffusion) on ADC image. By adding DWI to CE-MRI the accuracy to differentiate HCC from dysplastic nodule increases from 75% to 93% \[[@R35]\].

These alternate approaches may improve the diagnosis of small lesions. However, prospective studies, with accurate imaging-pathology correlations on explanted livers, are warranted before any alternate criterion is approved as the standard diagnostic technique for HCC.

### Fibrolamellar Hepatocellular Carcinoma

Fibrolamellar HCC is rare and seen without underlying cirrhosis. A typical fibrolamellar HCC is lobulated, large (usually \>12 cm) with a calcified central scar, and has metastases in ⅔ of cases. It differs from FNH in several aspects: enhances heterogeneously and the scar is hypointense on T2w and does not enhance in arterial and venous phases and only partially on delayed imaging \[[@R62]\]. Conventional HCC in non cirrhotic liver can mimic fibrolamellar HCC but lacks central scar.

### Cholangiocarcinoma

Intrahepatic cholangiocarcinoma is quite rare and is less common than hilar/Klatskin tumors (90%). It is associated with repeated/chronic cholangitis (*e.g.* primary sclerosing cholangitis) and cystic disease of the liver. A typical intrahepatic cholangiocarcinoma is hyperintense on T2w images and often obstruct vessels and bile ducts, with upstream ductal dilatation (Fig. **[7](#F7){ref-type="fig"}**). In affected segment(s), there is a volume loss with capsular retraction. After contrast, the enhancement is delayed, starting in the periphery, resembling hemangioma. However, the enhancement of cholangiocarcinoma is not isointense to vessels. In addition, intrahepatic cholangiocarcinomas may also display homogeneous arterial contrast enhancement \[[@R59]\] - interestingly, these tumors, examined using contrast-enhanced ultrasound, there was a late wash out, mimicking hepatocellular carcinoma.

Early diagnosis is a challenge and there is hope through new technique: in a study on patients with biliary stricture, proton magnetic resonance spectroscopy, 1H-MRS, of bile, it was possible to discriminate cholangiocarcinoma from benign biliary conditions \[[@R60]\]. If this will come true *in vivo*, early diagnosis might be possible.

### Biliary Cystadenocarcinoma

Benign biliary cystadenoma rarely transforms into cystadenocarcinoma. A typical cystadenocarcinoma is multiloculated with enhancing nodules and septa, and calcifications.

### Metastases

Metastases are the most common malignant liver tumors and may be hypo- or hypervascular, best diagnosed with gadolinium dynamically. However, in cirrhotic livers metastases are rare \[[@R61]\].

#### Hypovascular Metastases

Most hepatic metastases are multiple, hypointense on T1 and hyperintense on T2 and hypovascular in dynamic contrast imaging. Cystic metastases may be intensely bright on T2 and resemble cysts, abscesses and hemangiomas. There is contrast enhancement in the periphery but the center is hypointense. After hepatobiliary contrast metastases are hypointense on T1 in a bright liver.

Dynamic Gd-contrast-enhanced MRI is more sensitive than contrast-enhanced CT, as sensitive as FDG-PET in depicting liver metastases from colorectal cancer, and more specific in lesion characterization \[[@R62]\].

Hepatobiliary contrast agents may even further increase the sensitivity of MRI for diagnosis of colorectal cancer liver metastases \[[@R15]\]. This may be particularly useful after neoadjuvant chemotherapy when metastases become difficult to diagnose due to changed tumor vascularity and liver steatosis \[[@R15]\]. Gd-EOB has higher accuracy to detect small liver metastases than DWI. However, by combining the Gd-EOB and DWI the detection may be improved \[[@R63]\].

DWI is more sensitive than T2-weighted MRI for the detection of hepatic metastases. Hepatic metastases show higher SI on DWI than on T2-weighted fast SE images, whereas the signal from vessels and cysts are suppressed with DWI. Small lesions occasionally need further characterization \[[@R1],[@R64]\] (Fig. **[2](#F2){ref-type="fig"}**).

#### Hypervascular Metastases

Liver metastases from renal cell carcinoma, neuroendocrine tumors, sarcoma, malignant melanoma, thyroid carcinoma, some breast and colorectal cancer are hyperintense in late arterial phase imaging \[[@R65]\] (Fig. **[8](#F8){ref-type="fig"}**). They are often multiple and do not follow the SI of vessels. On T2, the SI of hypervascular metastases is usually moderately elevated, and on T1 hypointense. Melanoma is an exception, where melanin accumulation may result in hyperintensity on T1. There are also common benign hypervascular liver lesions, hemangioma, focal nodular hyperplasia and some tumor-like liver conditions. On DWI, metastases with a marked hypervascularity can attain high ADC values \[[@R7]\] and be false negative.

### Lymphoma

Secondary liver lymphoma is multiple, and primary lymphoma, which is rare, is solitary \[[@R66]\]. Lymphoma is isointense to the spleen and hypointense on T1 and hyperintense on T2 compared to surrounding liver tissue. After contrast enhancement lymphoma is hypointense centrally with a peripheral enhancement. In the hepatobiliary phase, the lesions are hypointense and may have a target-like appearance \[[@R67]\].

### Non-Neoplastic Lesions

#### Hydatid

In echinococcosis, there is a large cystic mass with numerous peripheral daughter cysts. Calcifications, if present, are hard to see on MRI. Cyst wall and septa enhances after Gd-contrast injection. On DWI, hydatid cysts with restricted diffusion and low ADC value, differ from simple cysts, with free diffusion and high ADC value \[[@R5]\].

#### Liver Abscess

Most liver abscesses are pyogenic and can be portal or biliary in origin (Fig. **[9](#F9){ref-type="fig"}**). Typically, cluster of small abscesses coalesce into a large cavity with air or fluid level and is surrounded by an enhancing capsule. Small abscesses (\<1 cm) may enhance contrast and mimic hemangiomas. Metastases, necrotic after treatment, may be indistinguishable from abscesses. However, DWI studies have indicated that DWI could discriminate abscess and cystic or necrotic tumors (abscess has lower ADC values when compared with the necrotic portions of tumors) \[[@R5],[@R68]\].
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![In the liver right lobe of a 48 years old woman, there are multiple hypointense lesions on T1 in the portovenous phase, after gadolinium injection (**A**). On T1 in phase the lesions are not visible (**B**), whereas on T1 out of phase the lesions are hypointense (**C**). This is typical for focal fatty infiltration or steatosis.](CMIR-8-107_F1){#F1}

![A patient with a large liver metastasis (from colorectal cancer) and three cysts. On DWI (A, B) the cysts (arrows) have a benign pattern with a hyperintensity on b=50 (A) and an isointensity on b=500 (B) compared to the metastasis (arrow heads) which has a malignant pattern with a hyperintensity also on b=500. In the hepatobiliary phase (2 hours after injection of Gd-BOPTA) the cysts are more hypointense compared to the metastasis.](CMIR-8-107_F2){#F2}

![In the upper dome of the right liver lobe there is a typical hemangioma with a high signal on T2 (**A**) and low signal on T1 (**B**). After gadolinium contrast injection, there is nodular enhancement in the arterioportal phase (**C**) and filling in, in late phase (D; 5 minutes after contrast injection).](CMIR-8-107_F3){#F3}

![Typical focal nodular hyperplasia, FNH (large arrows), in coronal (**A**) and transverse planes (**B**-**E**). It is slightly hyperintense to the liver on T2 (**B**) and enhances richly on T1 in the arterial phase (**A** and **C**) followed by isointensity in the delayed phases (**D** and **E**). Note the central scar (small arrow), which is hyperintense on T2 (**B**) and hypointense on T1 in arterial (**A** and **C**) and portal venous (**D**) phases, whereas hyperintense after 5 minutes (**E**). g, gallbladder; k, right kidney; p, pancreas; s, stomach.](CMIR-8-107_F4){#F4}

![In the left liver lobe there is both a focal nodular hyperplasia (arrow heads) and an adenoma (arrow). Both lesions are iso- or slightly hyperintense on T2 (**A**), iso- or slightly hypointense on ADC-mapping (**B**), iso- or slightly hypointense on T1 gradient echo before gadolinium contrast (**C**), hyperintense in the arterioportal phase (**D**) and isointense in the venous/delayed phase. Note in the hepatobiliary phase (**F**; MultiHance, 2 hours post injection), the FNH is hyperintense, whereas the adenoma is hypointense to the liver parenchyma.](CMIR-8-107_F5){#F5}

![A 55 years old man with hepatitis B has a hypervascular lesion in the right lobe of the cirrhotic liver. On T1, in the arterial phase (**A**), it is hyperintense, followed by hypointense washout in portovenous phase (**B**). On T2 it is slightly hyperintense (**C**) and on DWI, b=500, it is also hyperintense (**D**) -- characteristic findings for hepatocellular carcinoma, HCC.](CMIR-8-107_F6){#F6}

![In the left liver lobe there is a cholangiocarcinoma, hyperintense on T2 (**A**) and hypointense on T1 (**B**). Note dilated bile ducts in the periphery of the tumor (arrows).](CMIR-8-107_F7){#F7}

![A carcinoid liver metastasis (arrows) is hyperintense and readily detected on DWI, and the intensity is less pronounced on b=0 (**A**) compared to b=800 (**B**). On ADC mapping, the lesion is dark with a low ADC value and is hard to detect and delineate, probably due to the small size of the lesion (**C**). After Gd contrast injection, on T1 in the arterioportal phase, the tumor is hyperintense due to its hypervascularity (**D**). In the hepatobiliary phase, on T1, it is clearly hypointense (**E**).](CMIR-8-107_F8){#F8}

![Candidiasis with multiple microabscesses (a few are indicated with arrows) in both the liver and the spleen. The abscesses are in the portal-venous phase hypointense on T1.](CMIR-8-107_F9){#F9}
